EVOLUTION OF ROBOTIC SURGERY {#sec1-1}
============================

International Organisation for Standardisation has defined an industrial robot as an automatically controlled, reprogrammable, multipurpose manipulator programmable in three or more axes.\[[@ref1]\] Conforming to this definition, the first industrial robot was developed in 1937, and the first robotic patent was granted to George Devol in 1961.\[[@ref2]\] Twenty two years later, the first surgical robot was developed in Vancouver, Canada in 1983 and 1-year later the first robotic surgery was performed at UBC Hospital, Vancouver.\[[@ref3]\] Since then, robotic surgery has undergone a long evolution with the introduction of PROBOT (1992) to assist prostatic surgery at Guy\'s and St. Thomas' Hospital, London, ROBODOC (1992) for assisting orthopaedic surgery;\[[@ref4]\] and AESOP and the ZEUS robotic surgical systems (Computer Motion Inc., Santa Barbara, CA) for assisting gynaecological and cardiac surgeries.\[[@ref5]\] The original telesurgery based robotic system was initially developed for assisting surgeries at the battlefield and other remote surgical areas. Based on this concept the da Vinci system (Intuitive Surgical Inc., Mountain View, CA) was first introduced in 1999 and was granted Food and Drug administration approval in July 2000 for laparoscopic surgeries.\[[@ref6]\] Surgical robots have now evolved to become the epitome of minimally invasive surgery (MIS). Apart from the advantages of robotic surgery, market-driven forces and the patients' choice for robotic surgery have also played a key role in the expansion of this technology.

ADVANTAGES OF ROBOTIC SURGICAL SYSTEM {#sec1-2}
=====================================

The inception of surgical robots took place to overcome the hurdles of conventional laparoscopic technology and to develop distance monitored telesurgery. In a master-slave system, the surgeon operates while sitting comfortably on a master console thus making it ergonomically optimal and less stressful for the surgeon to operate. Vision is provided by a dual 3-chip camera, which gives a magnified three-dimensional (10-12X) vision and provides a better depth perception to the surgeon when compared to conventional laparoscopy. Robotic instruments are equipped with an "endowrist" technology, which puts the fulcrum right next to the tip of the instrument, thereby permitting fine, dexterous movements in multiple planes with a wide range of motion. Further, movements are scaled up to 3:1 and hence that large movements of the master controls are manifested as micro-movements of the robotic instruments. All these features of the surgical robot make it optimal for surgeries, which were once considered difficult or even impossible by conventional laparoscopy. Apart from these advantages, a surgical robot can also be used for telesurgery across the globe. One such example is operation Lindbergh performed on 7 September 2001, where a surgeon in New York performed a transatlantic cholecystectomy on a patient in Strasbourg, France over a dedicated fibre optic line.\[[@ref7]\]

LIMITATIONS OF ROBOTIC SURGICAL SYSTEM {#sec1-3}
======================================

The main limitations of the surgical robot are its cost, need for specifically trained extra staff and lack of tactile sensations. The estimated cost of the da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale, California, USA) is about \$1.7 million with additional annual maintenance fees and a disposable supply cost of approximately \$1500/case.\[[@ref8]\] This heavy cost has made it out of reach for many institutions. Another concern regarding robotic surgery is its learning curve. Although it has been shown that robotic surgery can be learnt faster than conventional laparoscopy, there is a definite learning curve involved in the assimilation and optimal implementation of any robotic procedure. Depending on the variable being studied, it may take anywhere from 8 to 150 cases to reach a plateau on the learning curve.\[[@ref9]\] A deficiency of structured training facilities in robotic surgery along with a lack of exposure to this modality during residency training in most institutions in this part of the world also adds to the hurdles in the expansion and safe implementation of robotic surgery in India.

ROBOTIC SURGERY FOR PROSTATE CANCER {#sec1-4}
===================================

The MIS benefits of robot-assisted radical prostatectomy (RARP) over conventional retro pubic radical prostatectomy (RRP) are well-documented in the literature. Many of the authors have reported significantly less blood loss during RARP,\[[@ref10][@ref11]\] even if it was performed by a non-robotic trained urologic oncologist assisted at the patient side by a trained robotic surgeon.\[[@ref12]\] This can be attributed to better visualisation of the dorsal venous complex and the tamponade effect provided by the pneumoperitoneum. Contrary to most other laparoscopic or robotic procedures, there is conflicting evidence in support of RARP with regards to a decrease in postoperative pain.\[[@ref13][@ref14]\] This is attributed to the infraumblical midline muscle splitting incision used for RRP, which is generally less painful. With increasing experience, the length of hospital stay after prostatectomy has decreased drastically irrespective of the surgical modality used and mainly depends on the hospital policy. While few centres in the United States have a policy of equivalent stay and early discharge for both RRP and RARP,\[[@ref15]\] others have reported shorter hospital stay after RARP compared with RRP.\[[@ref16]\] As with other surgical procedures the mean operative duration during the initial phase of the learning curve is longer but once adequately experienced, the operating time of RARP decreases to \<3 h.\[[@ref17][@ref18]\]

One of the most important concerns after radical prostatectomy is its functional outcome. Recovery of erectile function and urinary continence has improved over time due to a better understanding of the functional anatomy and refinement of surgical techniques. As surgical robots provide improved visualisation and dexterity as compared to open surgery, there is likely to be a better preservation of the constituents of the urinary sphincter complex, thus leading to superior continence rates over RRP. Many studies have demonstrated a faster recovery of urinary continence after RARP.\[[@ref19]\] The impact of RARP on preservation of erectile function is difficult to predict due to variations in patient profiles, baseline erectile function, surgical approaches and definitions used for defining potency. There is, however, some evidence to support early recovery of erectile function with RARP when compared to RRP.\[[@ref20]\] The oncological outcome of radical prostatectomy, irrespective of the surgical approach, is assessed by the incidence of positive surgical margins and rates of biochemical prostate-specific antigen recurrence. Studies have demonstrated that RARP and RRP and equivalent in this regard.\[[@ref21][@ref22]\]

ROBOTIC SURGERY FOR RENAL CANCER {#sec1-5}
================================

After the success of robotics in radical prostatectomy, its use was explored for other urological malignancies. The benefits of laparoscopic radical nephrectomy, like shorter hospital stay, less pain and faster return to normal activities are well-established. Robotic surgery has not demonstrated any added advantage to conventional laparoscopic radical nephrectomy.\[[@ref23]\] The significant negative impact of radical nephrectomy on renal function and overall survival is well documented.\[[@ref24][@ref25]\] This drawback of radical nephrectomy, along with an equivalent oncological outcome after partial nephrectomy\[[@ref26]\] has led to increased indications and acceptance of a nephron-sparing approach. Many authors have reported an equivalence of laparoscopic and open techniques of partial nephrectomy in terms of survival and oncological outcomes.\[[@ref27][@ref28]\] Laparoscopic partial nephrectomy, however, is both technically and mentally challenging due to the pressure of performing a technically difficult surgery with intracorporeal suturing within a stipulated time to avoid ischaemic renal injury, while ensuring a good haemostasis. Surgical robots, when compared with conventional laparoscopic surgery, have better vision, stability and improved dexterity--qualities that can help in overcoming these hurdles. Thus, robotic surgery has a promising role in increasing the acceptability of partial nephrectomy. Many authors have reported the benefits of robot-assisted partial nephrectomy (RAPN) over conventional laparoscopy in terms of less bleeding, shorter warm ischemia time and a shorter operative time. In a retrospective review of 183 patients who underwent RAPN, Benway, *et al*. reported a mean total operative time of 210 min, mean ischemic time of 23.9 min and the mean estimated blood loss of 131.5 ml.\[[@ref29]\] Another study that compared outcomes of RAPN with conventional laparoscopic partial nephrectomy reported less intra-operative blood loss (155 vs. 196 ml) and shorter warm ischemic times (19.7 vs. 28.4 min) in the RAPN group.\[[@ref30]\] It is, however, more important to know the impact of RAPN on renal function preservation and oncological outcomes. In a systematic review of 8 studies comparing RAPN with open partial nephrectomy (OPN), RAPN had a lower overall complication rate and a shorter hospital stay as compared to OPN. There was no difference in total ischaemia time, post-surgery estimated glomerular filtration rate change and the rate of positive surgical margins between the two groups. However, the trend towards a higher rate of tumour recurrence and metastasis was observed in the OPN cohort.\[[@ref31]\] These studies have established the feasibility, safety and advantages of RAPN over conventional laparoscopic partial nephrectomy.

ROBOTIC SURGERY FOR URINARY BLADDER CANCER {#sec1-6}
==========================================

Radical cystectomy is the gold standard treatment for muscle invasive bladder cancer. The benefits of MIS have been extended to the management of this disease. Current data suggests that laparoscopic radical cystectomy (LRC) is associated with low morbidity and has comparable oncological outcomes when compared to the results of conventional open radical cystectomy (ORC).\[[@ref32]\] Encouraged by outcomes of LRC, the feasibility of robot-assisted radical cystectomy (RARC) has been studied. These studies have reported advantages of RARC over ORC in terms of lesser blood loss, early recovery of bowel function and a shorter hospital stay.\[[@ref33]\] Similarly, Cheung and associates, in their review of the literature, reported that most short term studies in their 2-3 years follow-up have reported a 70-90% overall survival with RARC.\[[@ref34]\] These studies have shown a promising role of RARC in terms of feasibility, blood loss and oncological outcomes.

Pelvic lymph node dissection is an important part of radical cystectomy. It has vital implications towards staging the disease and planning adjuvant therapy, while having a potential therapeutic role in limited disease. Currently, lymph node yield is considered a surrogate for the adequacy of lymph node dissection.\[[@ref35]\] There is clear evidence now to suggest that a robotic approach does not compromise the adequacy and completeness of lymph node dissection during radical cystectomy.\[[@ref36][@ref37]\] In a recent retrospective analysis of the international robotic cystectomy consortium database of 527 patients who underwent RARC at 15 institutions, the lymph node yield of RARC for advanced bladder cancer was similar to that of the open cystectomy series.\[[@ref37]\] The learning curve of RARC is short and ranges from 16 to 20 cases.\[[@ref38][@ref39]\] For urinary diversion after robot-assisted cystectomy, the extracorporeal technique is the current preferred approach of most surgeons. However, studies have shown the feasibility of a complete robotic intracorporeal urinary diversion, with potential advantages like, lesser incisional pain, decreased bowel exposure, and the potential for decreased fluid imbalances.\[[@ref40]\] Though the results of RARC are encouraging, most of these studies are small, single institution based case series, lacking long-term follow-up. There is clearly a need for more data in order to establish RARC at the epicentre of bladder cancer management.

ROBOTIC SURGERY FOR TESTICULAR CANCER {#sec1-7}
=====================================

Published literature on laparoscopic retroperitoneal lymph node dissection (L-RPLND) suggests that it is a feasible and effective treatment option for low stage non-seminomatous germ cell testicular tumours (NSGCT) with its attendant MIS benefits.\[[@ref41]\] Rassweiler *et al*. performed a systematic literature analysis of \>800 patients treated with L-RPLND and found that lymph node dissection based on modified templates removed an average of 16 (5-36) lymph nodes. Compared to the open approach, L-RPLND did not differ in terms of relapse rates, percentage of patients receiving chemotherapy (29% vs. 31%) and rate of salvage surgery (1.2% vs. 1.5%).\[[@ref42]\] However, L-RPLND is a technically difficult procedure requiring laparoscopic experience and skills. The surgical robot, equipped with a three-dimensional magnified vision and scaled movements of the instruments with an elimination of hand tremor, offers a great promise to overcome these hurdles. The initial data on robot-assisted RPLND (R-RPLND) is in the form of case reports\[[@ref43]\] and small case series.\[[@ref44]\] These studies have stated the feasibility of R-RPLND in low stage NSGCT. However, larger studies with long-term data are required to validate these results and establish R-RPLND at the forefront of NSGCT management.

ROBOTIC SURGERY FOR PENILE CANCER {#sec1-8}
=================================

Conventional radical inguinal lymph node dissection is associated with high local morbidity. Video endoscopic inguinal lymphadenectomy (VEIL) using traditional laparoscopic instruments has been reported to reduce the surgical morbidity without compromising oncologic outcomes.\[[@ref45]\] Robotic-VEIL offers increased magnification, three-dimensional clarity, additional degrees of freedom and more precise and controlled dissection during surgery. Initial case reports have shown the feasibility of performing robotic-VEIL, with operating time ranging from 90 to 130 min for one side.\[[@ref46][@ref47]\] Sotelo *et al*. performed bilateral inguinal lymph node dissection in the same sitting and reported a total operative time of 360 min and mean blood loss of 100 ml.\[[@ref48]\] These results point towards a promising role of robotic surgery in the management of inguinal lymph nodes, but need further long-term randomised studies for validation.

FUTURE ADVANCES IN ROBOTIC SURGERY {#sec1-9}
==================================

Currently, the da Vinci surgical system is an unchallenged leader in the \$5 billion surgical robot market. Any new system, which wants to challenge the market stronghold of the da Vinci system has to tap into the drawbacks associated with it; by reducing the cost, shortening the learning curve, and introducing technical advancements like tactile sensation and reduction in the number of ports, etc. Titan Medical Inc., (Toronto, Ontario, Canada) is developing single port orifice robotic technology (SPORT™) robotic surgical system.\[[@ref49]\] It\'s expected to be commercially available by 2015. It includes a single-port surgeon controlled robotic platform (with three-dimensional vision system and interactive instruments) and a surgeon workstation. This system is being developed with an aim to expand robotic surgery into areas that are currently underserviced, such as cholecystectomy, appendectomy and ENT procedures. With the advent of SPORT™ and other such robotic systems under development, the science and art of surgery may be at the cusp of a robotic revolution!

ROBOTIC SURGERY IN INDIA {#sec1-10}
========================

The robotic surgery market is dynamic and rapidly expanding worldwide, and India is not left untouched by it. Due to the increased cost of surgery, there was an initial apprehension about the success of the robotic surgical programs in India. Nelivigi, in his review article, discounted robotic surgery as just another "me too technology," with no promising future in a developing country like India.\[[@ref50]\] However, contrary to previous apprehensions, robotic surgery is now gaining increased acceptance in India as revealed by an annual 44% rise in the number of procedures performed in India in 2013 (in contrast to \~21% rise worldwide). As per the unpublished data sourced from Intuitive Surgical (Intuitive Surgical Inc., Mountain View, CA), 21 da Vinci surgical units had been installed in India at the time of preparation of this manuscript \[[Table 1](#T1){ref-type="table"}\]. Most of these (16/21), are installed in the private sector hospitals. There is an interesting contrast in the spectrum of robotic surgery performed worldwide and in India. While gynaecological surgeries remained the most commonly performed robotic surgeries worldwide, urological procedures dominated in India. As dedicated training facilities are created and a larger number of surgeons are trained in this craft, a further surge in robotic surgery can be expected in India in the very near future.
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